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ABSTRACT 

This  research  was  carried  out  in  order  to  test  the  influence  of  the  Rhizobacterial  culture  on  NaCl  salinity  tolerance 
in  Cowpea  plants  at  seedling  stage.  Rhizobacterial  strains  BR2  and  BR3  were  used  to  inoculate  seeds  of  Cowpea 
(Vigna-unguiculata)  varietiy  (Pusa  Sukomal).  Seed  germination  percentage,  quantitative  analysis  of  proline,  MDA  and 
protein  and  protein  profile  was  carried  out  in  7 and  15  days  old  seedlings  exposed  to  0,  25,  50  and  75mM  NaCl  salinity  in 
both  Rhizobacterium  inoculated  and  uninoculated  (control)  seedlings.  Seed  germination  percentage  is  reduced  to  the  level 
of  NaCl.  This  effect  was  reduced  in  the  presence  of  Rhizobacterium.  At  25mM  NaCl,  the  germination  percentage  was 
100%  in  seeds  inoculated  with  BR2  and  BR3  and  the  germination  was  up  to  94  percent.  Similarly,  the  proline  content 
increased  in  all  groups  of  seedlings  to  increase  in  NaCl  concentration,  irrespective  of  Rhizobacterium  presence.  However, 
the  seedlings  with  Rhizobacterium  inoculation  had  significantly  high  levels  of  proline  as  compared  to  control,  in  absence 
of  Rhizobacterium.  While  MDA  levels  were  decreased  in  seedlings  inoculated  with  BR2  and  BR3  strains  of 
Rhizobacterium,  compared  to  seeds  without  Rhizobcterium,  indicating  the  reduction  in  lipid  peroxidation  and  the  increase 
in  tolerance  on  increased  NaCl  salinity.  The  protein  content,  in  general,  increased  up  to  50mM  NaCl  concentration  and 
reduced  at  75mM  level.  Our  studies  in  SDS  -PAGE  analysis  suggests  that  some  proteins  (approximate  50,  48,  32  and  27 
kDa)  were  found  to  be  expressed  due  to  salt  stress,  whereas  a few  proteins  (~65kDa  and  ~40kDa)  found  suppressed  due  to 
high  salt  concentrations.  Rhizobacterium  strains  BR2  and  The  present  study  suggest  that  the  inoculation  of  Rhizobacterium 
could  reduce  the  stress  induced  due  to  saline  condition. 
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INTRODUCTION 

Salt  stress  is  an  important  abiotic  environmental  factor  which  retards  the  growth  of  plants  and  induces  several 
physiological  and  morphological  alterations  in  the  plant  (Gama  et  al.,  2007).  At  present,  out  of  1.5  billion  hectares  of 
cultivated  land  around  the  world,  about  77  million  hectares  (5  %)  are  affected  by  excess  salt  content  (Sheng  et  al.,  2008). 
It  has  been  estimated  that  an  approximate  area  of  7 million  hectares  of  land  is  covered  by  saline  soil  in  India  (Patel  et  al., 
2011).  Salinity  adversely  affects  plant  growth  and  development,  hindering  seed  germination,  seedling  growth,  enzyme 
activity  (Seckin  et  al,  2009),  DNA,  RNA,  protein  synthesis  and  mitosis  (Tabur  and  Demir,  2010;  Javid  et  al.,  2011). 
Germination  is  the  most  sensitive  stage  among  the  various  stages  of  plant  growth.  Poor  germination  is  the  most  common 
and  primary  effect  of  salinity.  Malondialdehyde  (MDA),  a product  of  lipid  peroxidation,  and  Proline  content  has  been 
considered  an  indicator  of  oxidative  damage  and  osmotic  adjustment  under  abiotic  stress  conditions  (Hyun  et  al.,  2003). 
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Salinity  has  been  reported  to  show  inhibitory  effects  on  protein  quality  and  quantity  (Sultana  et  al.,  2000,  Mishra 
et  al.,  2006,  Taffouo  et  al.,  2010). 

The  Rhizobacteria  are  known  to  ameliorate  the  negative  effects  of  salinity  on  a number  of  crops  such  as  Tomato, 
Pepper,  Canola,  Bean  and  Lettuce  (Barassi  et  al.  2009;  Kang  et  al  2009;  Egamberdieva  2009;  Steel  1972;  Singh  et  al., 
1997).  The  salinity  stress  problem  is  especially  acute  in  arid  and  semiarid  regions  where  Cowpea  is  a widely  cultivated 
species  (Souza  et  al.,  2004).  Cowpea  with  high  level  of  protein  content  (23-35%)  and  its  capability  to  associate  with 
symbiotic  Rhizobacteria  to  fix  atmospheric  nitrogen  to  ammonia  in  the  soil  and  increase  its  fertility  makes  it  important  in 
sustaining  the  nutritional  balance  of  low  income  population  (Singh  et  al. , 1997). 

The  present  study  was  carried  out  to  analyze  the  role  of  Rhizobacterium  salinity  tolerance  in  Cowpea  plants  at 
seedling  stage  when  they  are  exposed  to  different  levels  of  NaCl  salinity. 

MATERIALS  AND  METHODS 

In  the  present  work  effect  Rhizobacterium  on  cowpea  plant  growth  grown  under  saline  conditions  at  seedling 
stage  was  carried  out  using  Cowpea  ( Vigna-unguiculata ) variety-  Pusa  Sukomal  and  two  strains  of  Rhizobacterial  - BR2 
and  BR3  ( all  Obtained  from  IAR1,  New  Delhi).  For  salinity  studies,  we  used  OmM  (Control),  25mM,  50mM  and  75mM 
concentration  NaCl  saline  water. 

Two  sets  of  seeds  each  with  25  seeds  were  taken  - one  as  non-inoculated  and  another  as  inoculated. 
The  Rhizobacterium  strains  BR2  and  BR3  cultures  (14  days  old)  were  harvested  by  centrifugation  and  the  pellet  was 
coated  on  seeds  in  one  set  (With  Rhizobacterium)  just  before  germination.  Both  the  sets-  without  and  with  Rhizobacterium 
inoculation  were  left  for  germination  on  filter  boats  dipped  in  0,  25,  50  and  75Mm  NaCl  solutions  at  room  temperature  for 
15  days  . Each  experiment  was  carried  out  in  three  replicates  and  was  repeated  twice. 

Germination  percentage  was  recorded  on  the  seventh  day.  Biochemical  studies  were  carried  out  in  7 and  15  days 
old  seedlings. 

Proline  content  was  estimated  spectrophotometrically  according  to  the  method  described  by  Lattanzio  et  al., 
(2009).  The  measurement  of  lipid  peroxidation  as  the  amount  of  MDA  was  determined  using  the  methods  by  Madhava  Rao 
et  al.,  (2000)  and  Baryla  et  al.,  (2000).  The  data  collected  from  each  replicate  was  pooled  and  statistical  analysis  was  done. 
Mean  and  standard  error  were  calculated  for  each  experimental  data. 

Qualitative  analysis  of  proteins  was  done  in  7 and  15  day  old  seedling  samples.  Protein  in  the  samples  was 
initially  precipitated  with  0.5%  TCA  and  dissolved  the  precipitate  in  (0.1M  pH  6.8)  tris  -HC1  buffer  and  quantified  by 
Bradford  (1976)  assay  method.  Samples  were  then  run  on  10%  SDS-PAGE  gel  along  with  low  molecular  weight  markers 
and  stained  with  compulsive  blue  stain.  The  gel  was  photographed  and  the  banding  pattern  was  evaluated. 

RESULTS  AND  DISCUSSIONS 

Germination  Percentage 

The  seed  germination  process  of  plants  is  affected  by  salt  stress  (Taffouo  et  al.,  2009).  This  may  be  due  to  the 
creation  of  an  osmotic  potential  that  prevent  water  uptake  or  the  conditions  that  are  created  for  entry  of  ions  that  may  be 
toxic  for  embryo  or  developing  seedlings  (Almodares  et  al.,  2007). 
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Further,  salinity  known  to  increase  the  osmotic  potential  of  the  growth  medium  resulted  more  energy  required  to 
absorb  water,  that  decreased  the  germination  (Jamil  et  al.,  2004). 

Results  on  germination  percentage,  given  in  Table  1,  shows  that  the  percentage  germination  has  reduced  from 
100%  in  control  to  96.67,  93.33  and  89.33%,  in  absence  of  Rhizobacterium,  when  exposed  to  25,  50  and  75mM  of  NaCl. 
The  seeds  inoculated  with  Rhizobacterium  showed  100%  germination  in  control  as  well  as  an  exposure  to  25mM  NaCl 
water,  in  the  presence  of  either  BR2  or  BR3  respectively  (Table  1).  There  after  percentage  was  reduced  to  96.67%  and 
90.67%  (in  presence  of  BR2)  and  98.67  and  94.67  % (in  the  presence  of  BR3),  on  exposure  to  50mM  and  75mM  NaCl 
salinity  respectively  (Table  1 and  Figure  1). 


Table  1:  Effect  of  NaCl  Salinity  on  the  Seed  Germination  in  Cowpea  Var.  Pusa  Sukomal 


NaCl  concentration 

Percentage  (%)  Germination 

Without  Rhizbacterium 

With  Rhizobacterium  BR2 

With  Rhizobacterium  BR3 

OmM 

100+0.00 

100+0.00 

100+0.00 

25mM 

96.67+0.67 

100+0.00 

100+0.00 

5 OmM 

93.33+1.33 

94.67+1.33 

98.67+1.33 

75mM 

89.33+1.33 

90.67+2.67 

94.67±1.33 

Figure  1:  Percentage  Germination  of  Pusa  Sukomal  Seeds  Grown  in  Different 
NaCl  Concentrations  Solutions  with  or  without  Rhizobacterium  (BR2  & BR3)  Application 

Proline  Content 

Halotolerant  and  halophilic  microorganism  having  beneficial  effects  such  as  IAA  production,  nitrogen  fixation, 
phosphate  solubilization  and  production  of  ammonia  can  accumulate  osmolytes  in  stress  conditions  (Zhou  et  al,  2015). 

The  mean  proline  content  in  7 and  15  days  old  seedlings  was  177.495pg/g  and  168.380pg/g  fresh  weight  (g  FW) 
in  7 and  15  days  old  seedlings.  At  low  concentration  of  salinity  (25mM)  the  proline  content  increased  to  345.683pg/g  FW 
and  231.847pg/g  FW  in  7 and  15  days  seedlings  of  Pusa  Sukomal.  Further,  the  level  of  proline  has  risen  to  475.974pg/g 
FW  (50mM)  and  599.358pg/gFW  (75mM)  in  7 days  and  to  362.665pg/g  FW  (50mM)  and  566.305pg/g  FW  (75mM)  in  the 
15  days  old  seedlings  (Table  1). 

With  inoculation  of  BR2  and  BR3  strains  the  proline  content  in  the  control  (OmM)  has  increased  to  286.007pg/g 
FW  and  294.066pg/g  FW  in  7 day  old  seedlings  and  in  15  days  old  seedlings  the  proline  content  was  204.503pg/g  FW  and 
209.828pg/g  FW  respectively  (Table  1). 

The  levels  of  proline  in  presence  of  Rhizobacterium  recorded  as  553.209pg/g  FW  (BR2)  and  564.722pg/g  FW  of 
plant  (BR3)  in  7 days  seedlings  and  562.563pg/g  FW  (BR2)  and  566.305pg/g  FW  (BR3)  in  15  days  seedlings  growing  in 
50mM  NaCl  salinity  stress  conditions.  Similarly,  at  75mM  NaCl  salinity  stress  the  concentration  of  proline  was 
613.365pg/g  FW  (BR2)  613.557pg/g  FW  (BR3)  in  7 days  seedlings  and  581.848pg/g  FW  (BR2),  609.336pg/g  FW  (BR3) 
in  15  days  old  seedling  (Table  2). 
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Our  results  are  in  accordance  with  the  earlier  reports  of  Silveira  et  al  (2001)  and  Girija  et  al  (2002)  that  showed 
increases  in  proline  content  with  increase  salinity  levels  in  Cowpea  and  peanut  plants.  Tawfik  et  al  2008  also  reported  that 
the  proline  content  in  cowpea  leaves  has  increased  with  increasing  NaCl  levels  and  increased  further  more  in 
Rhizobacterium  inoculated  plants. 

Lipid  Peroxidation  and  MDA  Content 

The  Malondialdehyde  produced  during  peroxidation  of  membrane  lipids  is  often  used  as  an  indicator  of  oxidative 
damage.  In  our  study,  the  MDA  content,  given  in  the  Table  2,  in  7 and  15  days  seedlings  of  un-inoculated  control  under  non 
saline  conditions  was  117.887  pg/g  FW  and  1 1 5.675pg/g  FW  respectively,  showing  no  significant  difference  in  different 
stages  of  growth.  The  level  of  MDA  increased  up  to  159.606/  200.377pg/g  FW  and  184.574/306.887  pg/g  FW  on  exposure 
to  NaCl  at  50  and  75mM  concentrations  at  7/15  days  of  seed  germination  (Table  2) 

Similar  patterns  of  increase  in  MDA  levels  was  noticed  in  seedlings  inoculated  with  BR2  recorded  106.509  to 
195.636pg/g  FW  while  15  day  seedlings  recorded  113.146  to  298.985pg/g  WF  MDA,  which  is  almost  equivalent  to  the 
control  without  Rhizobacterial  inoculation. 

Cowpea  seeds  inoculatedBR3  showed  136.00  and  95. 1 lpg/g  FW  MDA  content  at  OmM  and  117.56  and 
141.1 8pg/g  FW  MDA  at  50  and  75mM  NaCl  stress  in  7 day  old  seedlings.  Whereas  the  15  day  old  seedlings  recorded 
176.989  and  220.604pg/g  FW  MDA  at  50  and  75mM  NaCl  stress  respectively,  which  is  less  than  the  control  as  well  as 
seeds  inoculated  with  BR2  (Table  2). 

Malondialdehyde  (MDA)  is  a product  of  decomposition  of  polyunsaturated  fatty  acid  and  their  increase  in  plant 
have  been  widely  used  as  an  indicator  of  lipid  peroxidation  in  salt  stress  serving  as  discriminating  the  sensitive  and  tolerant 
species  to  salinity  (Meloni  et  al  2003  Stepien  and  Klobus,  2005).  Ahmad  et  al  2008  reported  that  the  lipid  peroxidation 
level  was  higher  in  salt  sensitive  compared  to  tolerant  cultivar  of  Pisum  sativum.  Lipid  peroxidation  increased  in  salt 
stressed  plants  is  in  agreement  with  our  study.  Similar  results  were  found  in  Ahmad  2010  in  mustard  also  Rasool  et  al  2013 
in  chickpea  and  Valdineia  Soares  Freitas  et  al  2011  in  Cowpea. 


Table  2:  Mean  Value  of  Biochemical  Parameters-  Proline,  MDA  and  Protein  Content  Cowpea  Var.  Pusa 
Sukomal  with  or  Without  Rhizobacteral  Culture  under  Different  (0,  25,  50  And  75mm  NaCl) 

Salinity  Stress  Conditions 


NaCl 

Concentrations 

Cowpea  Var.  Pusa  Sukomal  I 

Proline  Content  (pg/g  FW) 

MDA  Content  (ug/g  FW) 

Protein  Content(pg/g  FW) 

Control 

7th  day 

15th  day 

7th  day 

15th  day 

7th  day 

15th  day 

OmM 

177.495±0.253 

168.380i0.830 

117.887i0.316 

115.675i4.275 

116.22  i2.14 

149.78i0.8 

25mM 

345.683±0.166 

231.847i8.059 

124.524i0.316 

137.482i4.275 

152.00i5.88 

127.11i4.26 

5 OmM 

475.974±0.253 

362.665i0.997 

159.606il.139 

184.574i3.014 

168.22  i5.67 

174.22ill.55 

75mM 

599.358±0.253 

566.305i0.249 

200.377il.672 

306.887i5.086 

122.89  i6.68 

131.56i2.34 

| With  Rhizobacteria  BR2  | 

OmM 

286.007±0.253 

204.503i8.059 

106.509i0.316 

113.1468i2.468 

126.22i6.81 

122.67il.82 

25mM 

384.924±0.253 

240.913i8.807 

113.146i3.644 

127.369i3.160 

136.67i5.83 

137.11i3.45 

5 OmM 

553.20940.287 

562.563il.080 

130.529i3.014 

187.103i2.212 

153.33i3.93 

165.11i7.02 

75mM 

613.365+0.166 

581.848i5.733 

195.636i0.632 

298.985i0.632 

139.78i8.86 

107.56i4.73 

| With  Rhizobacteria  BR3  j 

OmM 

294.066±0.253 

209.828i7.644 

91.339il.759 

104.929i6.152 

136.00i5.58 

95.11i6.91 

25mM 

467.627i0.583 

323.233i0.830 

107.141i0.547 

118.835i6.344 

112.00il.82 

126.00i2.12 

5 OmM 

564.722i6.312 

566.305i0.249 

117.571i0.547 

176.989i0.836 

117.56i3.53 

150.67ill.43 

75mM 

613.557  i0.253 

609.336i8.475 

192.16i0.836 

220.604i03.014 

141.18  i7.47 

118.89i2.4 
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Protein  Content 

Numerous  biochemical  processes  are  known  to  be  influenced  by  salt  stress,  which  includes  both  protein  content  as 
well  as  its  quality,  either  negatively  or  positively  (Sultana  et  al.,  2000,  Mishra  et  al.,  2006,  Taffouo  et  al .,  2010). 

The  mean  protein  content  in  7 and  15  days  old  seedlings  of  Cowpea  var.  Pusa  Sukomal  under  saline  conditions 
without  or  with  Rhizobacterium  inoculation  was  given  in  Table  2.  Cowpea  seedlings  grown  under  control  conditions, 
without  rhizobacterium  inoculation,  recorded  1 1 6.22pg/g  FW  of  protein  on  7 days  and  1 49.78pg/g  FW  of  protein  on  15th 
days.  When  the  germinating  seeds  were  exposed  to  NaCl  salinity,  protein  content  was  increased  initially  to  152.00pg/g  FW 
(25mM),  1 68.22pg/g  FW  (50mM),  thereafter  it  reduced  at  75mM  concentration  to  122.89  pg/g  FW  in  7 days  old  seedlings 
(Table  2).  Similarly,  in  15  day  old  seedlings,  content  of  protein  increased  to  127.1  lpg/g  FW  at  25mM  NaCl  concentration 
and  1 74.22pg/g  FW  at  50mM  NaCl  salinity.  The  protein  level  reduced  to  131.56pg/g  FW  in  15  days  old  seedlings  in 
75mM  salinity  conditions  (Table  2). 

With  inoculation  of  BR2  strain  the  protein  content  in  the  control  (OmM)  seedling  was  1 26.22pg/g  FW  and 
122.67pg/g  FW  in  7 days  and  15  days  seedlings  respectively.  On  exposure  to  salinity  at  25,  50and  75mM  concentrations, 
seedlings  at  7 days  age  recorded  136.67pg/g  FW,  1 53.33pg/g  FW,  and  1 39.78pg/g  of  protein  and  15  day  seedlings 
recorded  1 37. 1 1 |ug/g  FW,  1 65. 1 1 pi g/g  and  1 07.56pg/g  FW  of  protein  BR2  (Table  2). 

Similarly  with  inoculation  of  BR3  strain  the  7 & 15  days  seedlings  recorded  136.00pg/g  FW  and  95. 1 1 pg/g  FW  of 
protein  in  control  (OmM).  While  on  exposure  to  25,  50  and  75mM  salinity  these  seedlings  showed  112.00pg/g  FW, 
117.56pg/g  FW  and  141.1 8pg/g  FW  protein  in  7 days  old  seedlings  and  126.00pg/g  FW,  150.67pg/g  FW  and  1 1 8.89pg/g 
FW  protein  in  15  days  old  seedlings  (Table  2). 

Plants  under  stress  conditions  accumulate  proteins  that  protect  cells  from  harmful  stress  effects.  Increase  in 
protein  quantity  may  be  because  of  plant  tolerance  to  the  NaCl  concentration  that  it  was  exposed  to  and  similarly  decrease 
in  protein  content  may  be  due  to  increased  NaCl  stress  at  higher  concentrations  (Omar  et  al.,  1993).  Prolonged  salt  stress 
could  affect  protein  synthesis  and  provokes  its  decline  (Caplan  et  al.,  1990).  In  the  present  study  also  demonstrates  an 
increase  in  protein  content  up  to  5 OmM  NaCl  salinity  and  thereafter  it  decreased  at  75mM  (Table  2).  The  levels  of  protein 
are  high  in  seedlings  inoculated  with  BR2  followed  by  control  and  BR3  (Table  2) 

SDS-PAGE  Protein  Profile  at  Seedling  Stage  7 and  15  Days 

SDS-PAGE  gel  pictures  showing  the  protein  profile  in  7 and  15  days  old  Cowpea  seedlings  exposed  to  salinity, 
without  and  with  inoculation  of  Rhizobacterial  strains  BR2  and  BR3  is  given  in  the  Figures  2 and  3 respectively. 

The  7th  day  of  seed  germination  in  uninoculated  seedlings,  4 proteins  (26-68  kDa)  at  OmM,  7 proteins 
(22-55  kDa)  at  25mM,  11  proteins  (17-100  kDa)  at  50mM,  and  9 proteins  (16-100  kDa)  at  75mM  NaCl  concentration  were 
found  to  express.  However,  6 proteins  (26-100  kDa)  at  OmM,  7 proteins  (25-100  kDa)  at  25mM,  10  proteins  (17-96  kDa)  at 
50mM  and  10  proteins  (17-100  kDa)  at  a 75mM  NaCl  concentration  were  found  expressed  in  BR2  inoculated  Pusa 
Sukomal  seedlings.  While  in  BR3  inoculated  Pusa  Sukomal  8 proteins  (17-96  kDa)  at  OmM,  2 proteins  (43-67  kDa)  at 
25mM,  3 proteins  (26-67  kDa)  at  50mM  and  7 proteins  (17-67  kDa)  at  75mM  NaCl  concentration  were  found  expressed  on 
the  7th  day  germination. 


www.iaset.us 


editor@iaset.us 


102 


Sadhna  Chaturvedi,  Tejovathi  Gudipati  & Archna  Shrivastav 


Similar  patterns  of  protein  expression  was  recorded  in  the  15th  day  of  the  treatment.  At  15th  day,  2 proteins 
(42-  68  kDa)  at  OmM,  2 proteins  (42-  68  kDa)  at  25mM,  9 proteins  (17-  96  kDa)  at  50mM,  and  5 proteins  (28-  68  kDa)  at 
75mM  NaCl  concentration  were  found  expressed  in  un-inoculated  seedlings.  Whereas,  7 proteins  (33-  96  kDa)  at  OmM,  2 
proteins  (45-  65  kDa)  at  25mM,  9 proteins  (17-  96  kDa)  at  50mM  and  4 proteins  (27-  65  kDa)  at  a 75mM  NaCl 
concentration  were  found  expressed  in  BR2  inoculated  seedlings.  In  BR3  inoculated  Pusa  Sukomal  seedlings,  6 proteins 
(22-100  kDa)  at  OmM,  4 proteins  (33-  100  kDa)  at  25mM,  8 proteins  (16-  100  kDa)  at  50mM  and  5 proteins  (28-  100  kDa) 
at  75mM  NaCl  concentration  were  found  to  express  (Figure  3). 

Induction  and  suppression  of  specific  proteins  under  saline  conditions  to  salt  stress  has  been  demonstrated  earlier 
by  various  researchers  (Sultana  et  al.,  2000,  Tort  and  Turkyilmaz,  2004,  Beltagi  et  al.,  2006,  Chen  et  al.,  2007  and  Kapoor 
and  Shrivastava,  2010).  Induction  of  127  and  52kDa  proteins  and  repression  of  260  and  38kDa  proteins  was  observed  by 
Hussanein,  (1999)  in  peanut  plants  grown  under  NaCl  salinity  stress  conditions.  Similarly,  Elshintinaway  and  Elshourbagy 
(2001)  observed  that  the  protein  content  of  26kDa  increased,  while  the  protein  content  of  13  and  20kDa  decreased  and 
24kDa  proteins  disappeared  under  NaCl  stress  in  wheat  plants.  Similar  synthesis  of  specific  proteins  under  salt  stress  was 
reported  in  the  Hordeum  Vulgaris  L.  (Popava  et  al.,  1995),  with  tomato  (Elennany,  1997)  and  also  in  rice  (Radha  Rani  et 
al.,  1994;  Pareek  1999;  Djanaguiraman,  2000).  Our  study  suggests  that  some  proteins  (approximate  50,  48,  32  and  27  kDa) 
were  found  to  be  highly  expressed  due  to  salt  stress,  whereas  a few  proteins  (~65kDa  and  ~40kDa)  found  suppressed  at 
high  salt  (75mM)  concentration.  Rhizobacterium  strains  BR2  and  BR3  significantly  decreased  the  level  of  these  salts 
induced  proteins  when  compared  to  control.  Strain  BR3  lowered  the  expression  of  the  salt  induced  proteins  much 
efficiently  when  compared  to  control  or  BR2.  Furthermore,  expression  of  a protein  (~65kDa  and  ~40kDa)  was  highly 
expressed  by  the  both  BR2  and  BR3  strains  in  comparison  to  control.  However,  the  level  of  this  protein  was  lowered  in  the 
presence  of  salt  in  un-inoculated  groups.  BR2  and  BR3  inoculation  maintained  the  expression  of  this  protein  under  salt 
stress. 

CONCLUSIONS 

In  the  present  study,  Cowpea  variety  Pusa  Sukomal  inoculated  with  BR3  showed  better  germination  under  highest 
concentration  of  NaCl  used  (75mM).  The  Proline  and  protein  content  increased  with  salinity  and  a reduction  in  MDA 
content  in  this  combination  compared  to  control  and  BR2,  indicate  the  combination  of  host  plant  variety  and  BR3  was  best. 
Present  study  results  clearly  suggest  that  the  inoculation  of  Rhizobacterial  strains  of  seeds  could  reduce  the  stress  induced 
by  NaCl  salinity  at  seedling  stage,  the  most  vulnerable  stage  in  plant  growth,  and  improves  salinity  tolerance  in  Cowpea. 
However,  the  selection  of  the  correct  variety  of  Cowpea  and  Rhizobacterial  strains  to  significantly  increase  the  tolerance  to 
saline  conditions. 


Figure  2:  SDS-PAGE  Protein  Profile  of  Cowpea  Variety  Pusa  Sukomal  with  and  without 
Rhizobacterial  Inoculation  under  Different  0,  25,  50  and  75mm  NaCl  Salinity  Conditions  at  7 Days 
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15th  day 

Figure  3:  SDS-PAGE  Protein  Profile  of  Cowpea  Variety  Pusa  Sukomal  with  and  without 
Rhizobacterial  Inoculation  under  Different  0,  25,  50  and  75mm  NaCl  Salinity  Conditions  at  15  Days 


ACKNOWLEDGEMENTS 


The  authors  sincerely  thank  to  Dr.  Archana  Shrivastav  Director,  College  of  Life  Sciences,  Gwalior  for  her  kind 
support  and  guidance  and  also  I thank  to  my  guide  Dr.  Tejovati  Gudipati  for  her  supports  and  encouragement  throughout 
the  work. 


REFERENCES 


1.  Ahmad  B.  2010.  Effect  of  salinity  and  N sources  on  the  activity  of  antioxidant  enzymes  in  canola.  Jour,  of  food. 
Agri.  Environ.  8:  350-353. 

2.  Almadares  A.,  Hadi  M.R.,  Dosti  B.  2007.  Effects  of  salt  stress  on  germination  percentage  and  seedling  growth  in 
sweet  sorghum  cultivars.  J.  of  Biol.  Sci.  7:  1492-1495. 

3.  Barrasi  C.A.,  Ayrault  G.,  Creus  C.M.,  Sneldo  R.J.,  Sobrero  M.T.  2009.  Seed  inoculation  with  Azospirilum 
mitigates  NaCl  effects  on  lettuce.  Sci.  Horde  109:  8-14. 

4.  Baryla  A.,  Laborde  C.,  Montillet  J.  L.,  Triantaphylides  C.,  Chagvardieff  P.  2000.  Evaluation  of  lipid  peroxidation 
as  a toxicity  bioassay  for  plants  exposed  to  copper.  Environ  Pollut  109  (1):  131-135. 

5.  Beltagi  M.S.,  Ismail  M.A.,  Mohamed  F.H.  2006.  Induced  salt  tolerance  in  common  bean  ( Phaseolus  vulgaris  L.) 
by  gamma  irradiation.  Pak.  J.  Biol.  Sci.  6:  1143-1148. 

6.  Bradford  M.M.  1976.  Anal.  Biochem.  72. 

7.  Caplan  A.B.,  Dekeyser  C.R.,  Vanmontagu  M.  1990.  Salinity  and  drought  stress  in  rice.  In:  Sangwan  R.S.,  and 
Sangwannorrel  B.  eds.  The  impact  of  Biotechnology  in  Agriculture.  Kluwer  Academic  Publishers,  The 
Netherlands.  391-402 

8.  Chen  M.,  Wei  H.,  Cao  J.,  Liu  R.,  Wang  C.,  Zheng  C.  2007.  Expression  of  bacillus  subtilis  pro  AB  genes  and 
reduction  of  feedback  inhibition  of  proline  synthesis  increases  proline  production  and  confers  osmotolerance  in 
transgenic  Arabdopsis.  J.  Biochem.  Mol.  Biol.  40  (3):  396-403. 

9.  Djanaguiraman  M.  2000.  Improvement  of  physiology  of  salt  tolerance  in  rice  (Oryza  sativa  L.)  Varieties  by 
salinity  induction  response  technique.  M.Sc.  Agri.  thesis,  Dept  of  Crop  Physiology  TNAU,  Coimbatore. 


www.iaset.us 


editor@iaset.us 


104 


Sadhna  Chaturvedi,  Tejovathi  Gudipati  & Archna  Shrivastav 

10.  Egamberdieva  D.,  Kucharova  Z.  2009.  Selection  for  root  colonizing  bacteria  stimulating  wheat  growth  in  saline 
soils.  Biol.  Fertil  Soils.  45:563-571. 

11.  Elennany  A.E.  1997.  Shoot  regeneration  and  protein  synthesis  in  tomato  tissue  culture.  Biol.  Plant.  39:  303-308. 

12.  Gama,  P.B.,  Inanaga,  S.,  Tanaka,  K.,  Nakazawa,  R.,  2007.  Physiological  response  of  common  bean 
(Phaseolus  vulgaris  L.)  seedlings  to  salinity  stress.  African  Journal  of  Biotechnology  6,  79-88. 

13.  Girija,  C.,  B.N.  Smith  and  P.M.  Swamy,  2002.  Interactive  effects  of  sodium  chloride  and  calcium  chloride  on  the 
accumulation  of  proline  and  glycine  betaine  in  peanut.  (Arachis  hypoganea  L.).  Envir.  and  Exper.  Botany,  47: 
1-10. 

14.  Hassanein  A.M.  1999.  Alteration  in  protein  and  esterase  patterns  of  peanut  in  response  to  salinity  stress.  Biol. 
Plant.  2:  241-248. 

15.  Hyun  D.Y.,  Lee  S.J.,  SeoY.  W.,  Lee  Y.I.  2003.  Selection  of  Azetidine-2-carboxylic  acid  resistance  cell  lines  by  in 
vitro  mutagenesis  in  rice  (Oryza  sativa  L.).  J.  Plant  Biotechnology. 5:  43-49. 

16.  Jamil  M.,  Rha  E.H.  2004.  The  effect  of  salinity  (NaCl)  on  the  germination  and  seedling  of  sugar  beet 
( Beta  vulgaris  L.)  and  cabbage  ( Brassica  olentcea  L.).  Plant  Resources.  7 (3):  226-232. 

17.  Javid  M.G.,  Sorooshzadeh  A.,  Moradi  F.,  Sanavy  Seyed  A.M.M.,  Allahdai  I.  2011.  The  role  of  phytohormones  in 
alleviating  salt  stress  in  crop  plants.  AJCS.  5 (6):  726-734. 

18.  Kang  SM.,  Joo  G.J.,  Hamayun  M.,  Shin  D.H.,  Kim  Y.K.,  Hong  J.K.,  Lee  I.J.  2009.  Gibberellin  production  and 
phosphate  solubilization  by  newly  isolated  strain  of  Acinetobacter  Calcoaceticus  and  its  effects  on  plant  growth. 
Biotechnol  let  31:  277-281. 

19.  Lattanzio,  V.,  Cardinali,  A.,  Ruta,  C.,  Fortunato,  I.  M.,  Lattanzio,  V.  M.,  Linsalata,  V.  and  Cicco,  N.  (2009). 
Relationship  of  secondary  metabolism  to  growth  in  oregano  (Origanumvulgare  L.)  shoot  cultures  under  nutritional 
stress.  Environ  Exp  Bot  65  (1):  54-62. 

20.  MadhavaRao  K.V.,  Sresty  T.V.  2000.  Antioxidative  parameters  in  the  seedlings  of  pigeonpea  (Cajanuscajan  (L.) 
Millspaugh)  in  response  to  Zn  and  Ni  stresses.  Plant  Sci  157  (1):  113-128. 

21.  Mahajan,  S.  and  N.  Tuteja,  2005.  Cold,  salinity  and  drought  stresses.  Archives  of  Biochemisty  and  Biophysics, 
444:  139-158. 

22.  Meloni  DA,  Oliva  MA,  Martinez  CA,  Cambraia  J (2003).  Photosynthesis  and  activity  of  superoxide  dismutase, 
peroxidase  and  glutathione  reductase  in  cotton  under  salt  stress.  Environ.  Exp.  Bot.,  49:  69-76. 

23.  Mishra  S.,  Dubey  R.S.  2006.  Inhibition  of  ribonuclease  and  protease  activities  in  arsenic  exposed  rice  seedlings: 
role  of  proline  as  enzyme  and  protectant . J.  Plant  Physiol.  163:  927-936. 

24.  Munns  R.  Comparative  physiology  of  salt  and  water  stress.  Plant  Cell  Environ  25:  239-250,  2002.  Sixto,  H., 
Grau,  J.  M.,  Alba,  N.  and  Alia,  R.  2005:  “Forestry”,  78,  pp  93104 


Impact  Factor  (JCC):  4.8764 


NAAS  Rating  3.73 


Analysis  of  Proline  and  MDA  and  Protein  Profile  in  Seedlings  of  Cowpea  Exposed  to 
NaCl  Salinity  - Influence  of  Rhizobacterium  on  Salt  Tolerance 


105 


25.  Omar  M.S.,  Yousif  D.P.,  Aljibouri  A.J.M.,  Al-Rawi  M.S.,  Hameed  M.K.  1993.  Effects  of  gama  rays  and  sodium 
chloride  on  growth  and  cellular  constituents  of  sunflower  ( Helianthus  annuus  L.)  callus  cultures.  J.  Islamic  A.  of 
Sci.  6 (1):  69-72. 

26.  Pareek  A.  1999.  Analysis  of  stress  proteins  at  four  different  developmental  stages  in  field  grown  rice  plants. 
Curr.  Sci.  76  (1):  81-86. 

27.  Patel  B.B.,  R.S.  Dave.  2011.  Studies  on  the  infiltration  of  saline-alkali  soils  of  several  parts  of  Mehsana  and  Patan 
district  of  north  Gujarat.  J.  appl.  Technol.  Environ.  Sanitation.  1 (1):  87-92. 

28.  Popova  L.P.,  Stoinova  Z.G.,  Maslenkova  L.T.  1995.  Involvement  of  abscisic  acid  in  photosynthetic  process  in 
( Hordeum  vulgare  L.)  during  salinity  stress.  Plant  Growth  Reg. 14:  211-218. 

29.  Radha  Rani  U.,  Reddy  A.R.  1994.  Salt  stress  responsive  polypeptide  in  germinating  seeds  and  young  seedlings  of 
indica  rice.  J.  Plant  Physiol.  143:  250-253. 

30.  Rasool  S.,  Ahmed  A.,  Siddiqui  T.O.  and  Ahmed  P.  2013. Changes  in  growth,  lipid  peroxidation  and  some  key 
antioxidant  enzymes  in  chickpea  genotype  under  salt  stress.  Acta  Physiologica  Plantarum.  35:  1039-1050. 

31.  Seckin  B.,  Sekmen  A.H.,  Turkan  I.  2009.  An  enhancing  effects  of  exogenous  mannitol  on  the  antioxidant  enzyme 
activities  in  roots  of  wheat  under  salt  stress.  J.  Plant  Growth  Regul.  28:  12-20. 

32.  Sheng  M.,  Tang  M.,  Chan  H.,  Yang  B.,  Zhang  F.,  Huang  Y.  2008.  Influence  of  arbuscular  mycorhizae  on 
photosynthesis  and  water  status  of  maize  plants  under  salt  stress.  Mycorrhiza.  18:  287-296. 

33.  Silveria,  J.A.,  A.R.  Melo,  R.A.  viegas  and  J.T.  Oliveira,  2001.  Salinity  induced  effects  on  nitrogen  assimilation 
related  to  growth  in  cowpea  plants.  Envir.  And  Exper.  Botany,  46:  171-179. 

34.  Singh  B.B.,  Chambliss  O.L.,  Sharma  B.  1997.  Recent  advances  in  cowpea.  In:  B.B.  Singh,  D.R.  Mohan  Raj,  K.E. 
Dashiel  and  L.E.N.  Jackai  (eds).  Advances  in  cowpea  research.  Co-publication  of  International  Institute  of 
Tropical  Agriculture  (IITA)  and  Japan  International  Research  Center  for  Agricultural  Sciences  (JIRCAS),  Ibadan, 
Nigeria.  30-49. 

35.  Souza  R.P.,  Machado  E.C.,  Silva  J.A.B.,  Lagoa  A.M.M.A.,  Silveria  J.A.G.  2004.  Photosynthetic  gas  exchange, 
Chlorophyll  fluorescence  and  some  associated  metabolic  changes  in  Cowpea  ( Vigna-unguiculata ) during  water 
stress  and  recovery.  Journal  of  Environmental  and  Experimental  Botany  5 1 : 45-56. 

36.  Steele  WM.  Cowpeas  in  Nigeria,  PhD.  Thesis  (1972),  University  of  reading,  Reading  UK. 

37.  Stepien  P,  Klobus  G (2005).  Antioxidant  defense  in  the  leaves  of  C3  and  C4  plants  under  salinity  stress.  Physiol. 
Plant,  125:  31-40. 

38.  Sultana  N.,  Ikeda  T.,  Itoh  R.,  2010.  Effects  of  NaCl  salinity  on  photosynthesis  and  dry  matter  accumulation  in 
developing  rice  grains.  Environ.  Exp.  Bot.  42  (3):  211-220. 

39.  Tabur  S.,  Demir  K.  2010.  Role  of  some  growth  regulators  on  cytogenetic  activity  of  barley  under  salt  stress.  Plant 
Growth  Regul. 60:  99-104. 


www.iaset.us 


editor@iaset.us 


106 


Sadhna  Chaturvedi,  Tejovathi  Gudipati  & Archna  Shrivastav 


40.  Taffouo  V.D.,  Kouamou  J.K.,  Ngalangue  L.M.T.,  Ndjeudji  B.A.N.,  Akoe  A.  2009.  Effects  of  salinity  stress  on 
growth,  ions  partitioning  and  yield  of  some  Cowpea  ( Vigna  unguiculata  L.,  Walp)  cultivars.  Int  J.  Bot.  5:  135-143. 

41.  Taffouo  V.D.,  Wamba  O.F.,  Yombi  E.,  Nono  G.V.,  Akoe  A.  2010.  Growth  yield,  water  status  and  ionic  distribution 
response  of  three  bambara  groundnut  ( Vigna  subterranean  L.)  landraces  grown  under  saline  conditions.  Int  J.  Bot. 
6 (1):  53-58. 

42.  Tawfik,  K.M.,  2008,  Evaluating  the  Use  of  Rhizobacterin  on  Cowpea  Plants  Grown  under  Salt  Stress.  Research 
Journal  of  Agriculture  and  Biological  Sciences,  4 (1):  26-33. 

43.  Tort  N.,  Turkyilmaz  B.  2004.  A physiology  investigation  on  the  mechanisms  of  salinity  tolerance  in  some  barley 
culture  forms  J.  F.  S.  27:  1-16 

44.  Valdineia  Soares  Freitas  (2011)  Changes  in  physiological  and  biochemical  indicators  associated  with  salt 
tolerance  in  cotton,  shorgum  and  Cowpea  1996-0778. 

45.  Zhou  W,  Oina  S.,  Lyu  D,  Zhang  P.  2015.  Soil  sterilization  and  plant  growth  promoting  rhizobacteria  promote  root 
respiration  and  growth  of  sweet  cherry  rootstocks.  Arch  Agric  Soil  sci.61 : 3 


Impact  Factor  (JCC):  4.8764 


NAAS  Rating  3.73 


